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ABSTRACT OF THE DISCLOSURE

A series of passive responders spaced along a path
traveled by a vehicle are excited by a single frequency
signal radiated by a tramsmitter carried on the vehicle.
Each responder produces.a different RF frequency signal
in response to this excitation and radiates it to a wide-
band receiver carried on the vehicle. A number of band-
pass filter circuits are connected to the receiver to detect
incoming signals having frequencies corresponding to fre-
quencics generated at fixed locations on the vehicle path.
The magnitude of a frequency being detected is indicative
of the location of the vehicle,

—————— A A ————

Background of the invention

{n the ficlds of transporting both people and materiuls
it is often necessary that the precise location of a vehicle
be known in order to effectuate certain control opera-
tions, such as acceleration or rdeceleration of the vehicle.
A vebicle locating system must be both reliable and in-
expensive and yet capable of functioning under adverse
conditions. The present invention meets each of these
criteria.

Summary of the invention

The present invention comprises a vehicle control sys-
tem including a scries of passive responders which are
spaced from onc another along a path traveled by a
vehicle, The passive responders are_excited. by.the single
frequency radiated from a transmitter carricd on a
vehicle, Each excited responder generates a different RF
frequency signal which is radiated back to the vehicle. A
wideband receiver on the vehicle receives these signals.
This receiver includes means for correlating the frequency
of the signal generated by one of the responders with a
predetermined frequency representing one of the fixed
locations. The rhagnitude of the frequency being corre-
lated indicates the precise location of the vehicle, Each

responder includes an antenna ccanected directly to the .

emitter of a transistor and indirectly to the collector of
the transistor through a coupling capacitor, A frequency
generator in the responder includes a crystal and a
capacitor connected in serics through a portion of the
antenna, The gencrator produces a current having a pre-
determined frequency which is applied to the base of the
transistor througl a secoud capacitor.

Description of the drawings

While the suecification concludes with claims partic-
ularly pointing out and distinctly claiming that which is
regirded as the present invention, the details of the in-
vention along with its organization and further advan-
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lages may be more readily ascertained from the follow-

ing detailed description when read in conjunction with

- the accompanying drawings in which:

.

_ 2 ' T
FIG. 1 is a block diagram of the vehicle locating sys<
tem built in accordance with the present invention;
FIG. 2 is a simp! fied view of -one application of the
vehicle locating system; ) ’
FIG. 3 is a schematic diagram of a responder for use
in the vehicle locating system;

FIG. 4 is a schematic of a wideband RF receiver for
use in the vehicle locating system; and -
FIG. 5 is a schematic diagram of a bandpass filter cir-
cuit for use in combination with the wideband receiver

of FIG. 4,
Dctailed description

Referring now to FIG. 1, a vehicle shown only sym-
bolically by a dotted line 10 has mounted therein a power
amplifier 12 dsiven by an oscillator 14 at a suitable fre-
quency; c.g., 30 ke. The power amplifier 12 has a trans-
mitting antenna 16 from which a 30 ke. signal is radiated.
This signal is picked up by an antenpa 18 connected to a
passive responder 20 located on the ground in the vehicle
path. In the most comnion situation, the vehicle path

- would be a raifroad track and the responder 20 would be

buried in the track bed between the rails. The reésponder
29 is cxcited by the signal radiated from the antenna 16
and reacts to preduce a signal having a second, considera-
bly higher frequency. This higher frequency signal is
radiated from the antenna 18 and is picked up by an
antenna 22 oa an RF wideband amplifier 24 mounted in
the vehicle,

The amplifier 24 amplifies the signal picked up by the
antenpa 22 and delivers it to a plurality of bandpass
fitter circuits, each of which produces an output voltage
only if its input is at or near a predetermined frequency.
For instance, a 330 ke. bandpass filter circuit 26 produces
an output voltage only if the signal being radiated from
the responder 26 is near 330 ke, An output voltage from
the 330 kc. bamdpass filter circuit 26 may be used to
cuergize an indivator 28 as well as to control the speed
of the vehicle drive motor through a motor speed con-
trol circuit 30, Since the motor speed control circuit 30
may be one of several well known types and by itself
forms no part of the present invention, it is not deseribed
in detail, Since each responder 20 produces a signal at a
different RF freguency, the location of the vehicle may
be ascertained by determining which of the bandpass filter
circuits is producing an output voltage at a particular
time, Thus, the fier circuits and their attached indicators
correlate the frequency of the signal radiated by the
responders with predeterniined frequencies corresponding
to the fixed locations of the responders. The motor speed
control circuit 3% responds to the voltages appearing on
the outputs of the bandpass filter circuits to vary the
speed at which the wehicle is driven according to a pre-
arranged program.

FIG. 2 shows one application of the vehicle focating
system shown in Bleck diagram form in FIG. 1. A
vehicle 32, which may be part of a rapid transit system,
is shown at a distance of 3000 feet from a platform 34
at which the vehicle 32 is to stop. As the vehicle 32
passes over a resporder 20, the responder is excited by
the 30 kc. signal redinted from the antenua 16, The
responder generates aad radiates a 330 ke. sigaal which
is picked up by the antenna 22 of the RF wideband
amplifier 24, The 338 ke. signal is detected by the band-

. Ppass filter circuit 25 which produces an output voltage

to energize the indicator 23 and to provide an input to -

“
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the motor speed control circuit 30, The motor speed con-
trol circuit 30 may at this point cawvse the drive motors
for the vehicle 32 to begin to decelerate the vehicle. As
the vehicle passes over the next responder 35, the re-

_-sponder 35 is encrgized by the 30 ke, signal radiated from

the antenna 16 and generates and radiates an RF signal
at 360 ke, This 360 ke. signal is picked up by the antenna
22, is detected by a bandpass filter circuit 36, and is ap-
plied to the motor speed control circuit 30 to cause the
vehicle 32 to decelerate further. This process is repeated
as the vehicle 32 approaches the platform 34, When the
vehicle 32 is directly over a responder 38 located at the
edge of the platform, the excitation of the responder 38
results in the generation and radiation of a 430 ke. signal

- *which, when picked up by the amplifier 24, is filtered and

applied to the motor speed control circuit 30 to bring
the vehicle 32 to a complete stop.

While the present invention may be used to great ad-
vantage in a platform approach control sysiem such as
that shown in FIG. 2, it has much wider application.

-For instance, this type of system may be utilized to con-

trol the spced of automated trains with each different
frequency radiated from a responder being indicative of
a different command for a motor speed control circuit 30,
Such a system might be used in mines where untended
trains could haul coal or ore from a working- place
through circuitous mine tunoels to the surface or to an
unloading station bencath ground. Morcover, it is well
within the realm of practicability to utilize a sysicm con-
structed ‘n accordance with the present invention to

.regulate the approach of automative vehicles to toll sta-

tions and the like,

Sys'2ms intended for such applications must be as
reliab's as possible. For this reason, AC coupled circuits
such as those described below are preferred to logic cir-
cuitry in the construction of the various components of
the system. FIG. 3 shows the responder 29 with antenna
18, The antenna 18 picks up the 30 ke. signal radiating
from the vehicle and applies it to a tuned circuit including
an RF choke 40 and a capacitor 42. The signal at the
upper terminal of the capacitor 42 is rectified by a diode
44 and is filtered by a capacitor 46 to provide a DC
potential, uszd to bias a iransistor 45 through a collector
resistor 50, The base of the transistor 43 s capacitively
ccupled to a crystal 54 which, in a preferred embodi-
ment, is made of a ceramic material in order to obtain
fast crystal response. The crystal 54 is in circuit with a

-capaciter 52 which offsets the capacitance inherent in the

structure of the crystal 54, When the transistor 48 is
biased through the resistor 50, the crystal 54 causes an

"AC positive feedback voltage to be applied to the base
-of the transistor 48 which oscillates at a rate determined

by the propertics of the crystal 54. This AC voltage,
which is in a frequency range of 310 kc. to 480 ke. in a
preferred embodiment, appears at the collector of the
transistor 48 and is conducted to the antenna 18 through
an RF shunt capacitor 53. The RF signal appearing on
the antenna 18 is radiated to an antenna connecied to the
wideband amplifier mounted on the vehicle,

One ecmbodiment of a wideband amplifier is shown in
FIG. 4. RF signals picked up by a receiver antenna
(not shown) appear across a primary winding 59 of an
input transformer 60. The signals are established in trans-
former’s secondary winding 62 and are applied to the
base of a transistor 64 through a serics RC combination
65 in the base circuit. The amplifier circuit ‘inciuding the
transistor €4 is a conventional circuit and is not de-
scribed in great detail. The RE signal is amplified by the
transistor 64 and appears across the resistor 63. The
magnitude of this RF signal may be adjusted by a scn-
sitivity regulating potentiometer 65.before the RT sigaal
is applied to tbe Lase of a transistor 68 in the second
stage of the amplifier. . o
_ The first and second stages of the amplificr shown ia
FIG. 4 includes pairs 76 and 72 of inversely-poled diodes,

e .

g . i .
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The function of these diodes is to limit the magnitude of
the signal’ amplified by the transistors if the input signal
applicd at the base of the transistors becomes too great.
Excessive sipaal magnitude  may occur if the receiver
antenna passes more closely to the responder antenna
than was intended. The RF signal amplified by the tran-
sistor 68 is applied to the base of another transisior 74
having a winding 76 in its collector circuit. The winding
76 is clectromagnetically coupled to winding 77 which
provides a common input at terminals A, B, and C for
a plurality of bandpass filter circuits, each.of which has
an output voltage only if the frequency of the voltage
appearing across the winding 77 is near the frequency at
which the padicular bandpass filter circuit is to operate.

Each bandpass filter circuit is identical to the filter cir-
cuit shown in FIG. § although each crystal in each filter
has a difTerent resonant frequency. Each bandpass filter
circuit includes a first crystal 78 and a sccond crystal 80
connected to input terminals A and B, respectively. The
crystals 78 and 80 are ticd together at a common junc- .
tion 82 at the upper end of the parallel combination of
a resistor 84 and a capacitor 86.. The junction 82 forms
one output terminal for the bandpass filter circuit where-
as the othier output terminal is formed at the lower junc-
tion 88 of the resistor 84 and the capacitor 86. The ter-
minal 88 is directly connected to the output terminal B
of the winding 77, To obtain a signal amplitude of reason-
able bandwidth across the terminal 88 and 82, the crys-
tal 78 is selected to have a resonant frequency of 500
to 1000 cycles per second above the resonant frequency
of the crystal contained in the proper responder, Similas-
ly, the crystal 80 has a resonant frequency of 500 to
1000 cycles per second below the resonant frequency of
the responder crystal. For example, if the bandnass filter
circuit containing the crystals 78 and 80 is to detect a
480 ke, signal, the resonant frequency of the crystal 78
should be approximately 480,5-481 kc. while the reso-
nant frequency of the crystal 89 should be approximately
479-479.5 ke, When the crystals have these resonant
frequencics, the bandpass filter circuit acts as a double
tuned circuit to produce a broad but sharply defined
bandpass signal having two spaced peaks, The frequency
spacing of the crystals 75 and 29 also allows some
tolerance In the frequency of the responder crystal,

The voltage appearing across the output terminals of
each bandpass filter circuit may be applied to an indicator
as well as to mwotor speed controlling circuitry so that
the detected frequency may be corrclated visually or elec-
trically with a fixed location or command.

Since the trassistors utilized in the described embodi-
ment in the present invention will not pass a signal if they
are either short circuited or open circuited, the circuit
does not allow false indications even if there is a com-
ponent failure, Also, the relative simplicity of the de-
scribed system allows it to be constructed relatively in-
‘_:zpcnsivc!y. A furthzr advantage of the present invention
Is its increased performance due to its low susceptibility
to electrical noise. Because the signal transmitted from.
the vehicle-mounted transmitter to the responders is a
single coninuous frequency, noise reducing techniques
such as the intcgrating out of isnpulse type noise are
used to itiprove the signal-to-noise ratio of the signals,

While there has bven described at present what is re-
garded as a preferred embodiment of the present inven-
tion, it Is obvious that modifications 2nd variations there-
in will occur to these skilled in the art. Therefore, it
is intended that the @ppeaded claimis shall cover all such
variations and modifications as fall within the true spirit
and scogpe of the invemtion, AN

What I claim is: : N

1. A responder for use in a vchicle control system
including a vchicle-mounted transmitter for .radiating 2
signal at a-single predetermined frequency and a vehicle ™\
mounted wideband receiver for receiviag signals radiated
from iadividual respuaders spaced from one another at
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ﬁxcd Tocations on’ the path travdcd by the vchxc]c 'md basc of said transistor through said second capacitor
for correlating the frequency of the received signals with to apply to said transistor a current having a pre-
particular responder locations, each of said responders delermined frequency. .
including: . S

(a) an antenna; B g e ’ ) ‘References Cited R

(b) a first capacitor connccted at one end to a pomt UNITED STATES PATENTS

on said antenna; : g
(c) a transistor having its emitter connccted directly g‘gggjgg Ig;;ggg ;gﬂzz E_‘f‘_‘:_‘_’_‘___‘_’-_‘jl!gﬁﬁﬁ

to a second point on said antenna and its collector

connected 1o the other end of suid first capacitor; BE D i ;
(d) a second capacitor connccled at one end to {hc 10 RODNEY D. BENNETT, Primary Examiner.

base of said transistor; M. F. HUBLER, dssistant Examiner.
(c) a frcqucncy generator mcludmg a crystal and a . p
capacitor connected in serics through a pariion of ‘ US. CL X.R.

_said antenna, said generator being connected to the 15 343—6.8 .
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ABSTRACT OF THE DISCLOSURE

A pair of microwave radiation transmitters direct radia-
tion at two discrete frequencies, f; and f, towards a
target, which contains a non-linear circuit and a circuit
tuned to the difference frequency (fi—fa), re-radiating
the differcnce frequency back to-a receiver tuned thereto;
by arranging the target for the impinging microwave radi-
ation in coded form, the receiver will obtain a difference

frequency signal in a code peculiar to the particular ob-

ject.

The present invention relates to an identification sys-
tem for objects, and more particularly to a system to de-
tect objccts remote from amd moving with respect to a
fixed identification station, such as a system to identify
railroad cars or other vehicles.

Various systems utilizing radio waves have been pro-
posed in order to detect and to identify objects passing an
identification station. In general, these systems operate on
the principte of reflection or diffusion of a wave beam,
and pick up the echo by a receiver placed close to the
transmitter. Reflective surfaces are placed on the object
to be detected, in accordance with a predetermined code,
in order to uniquely identify a particular object. In effect,
relative motion of the object with respect to the beam
provides a series of echoes, which series may be coded.
This relative motion can be obtained either by motion
of the object, or by scanning the beam over a stationary
object.

Difficulty has been experienced in decoding the echoes
from the reflective surfaces, since noise often hides the
desired code, and parasitic echoes are difficult to suppress.
One solution to the problem was to associate a re-trans-
mitter with the object which re-transmits, on the same
frequency or on a different frequency, a signal stronger
than that of a simple echo and one which can be decoded
readily, Yet, such a system is difficult and expensive in
actual use because if many objects are to be identified,
each ‘one must be supplied with a separate and individual
power source. Tt has already been proposed to avoid such
power sources and to utilize, for distant identification, an
energy pickup antenna in cembination with a non-linear
element, causing emission of radiation and utilizing the
energy of the received radio waves.

Tt is an object of the present invention to provide an
identification system, utilizing radioclectric energy direct-
ed towards an object spaced from the identification sta-
tion, and without contact therewith, and providing a
readily recognizable code te a receiver, without requiring
a separate energy source at the object to be identifled.

Subject matter of the invention

Briefly, in accordance with the present invention, a pair
of transmitters are vrovided. each radiating at a prede-
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termined frequency and directing beams of radiation,
preferably at microwave frequency, towards a target as-
sociated with the object. If the object is movable, the
radiation will scan over the target; if the object is sta-
tionary with respect to the radiators, a separate scanning
arrangement may be used. The target has associated there-
with a nonlinear element, such as a diode, a pair of op-
positely biased diodes or the like and a resonant circuit
tuned to the differcnce frequencies of the two radiating
transmitters, A return-radiation antenna is associated with
the object, and the identification station is provided with
a receiver tuned to the difference frequency.

In accordance with the feature of the invention, the
target is formed by a wave guide having windows therein,
the non-linear efement being coupled to the wave guide.
The windows are arranged in accordance with a code
unique to the particular object to be identified. Rather
than » wave guide, formed with windows, a series of re-
ception antennae associated with the non-linear element
and the tuned circuit can be uscd, or a series of tuned cir-
cuits may be provided, each tuned to the difference fre-
quency and associated with a non-linear element, to re-
radiate at the difference frequency.

The structure, organization, and operation of the in-
vention will now be described more specifically with ref-
erence to the accompanying drawings, wherein:

FIG. 1 is a general schematic view, partly in perspec-
tive, of the identification system of the present invention;

FIG. 2 is a wave diagram,;

FIG. 3 is a diagram indicating the location of windows
in the wave guide and signals appearing thereat;

FIG. 4 is a schematic diagram of a non-linear circuit;

FIG. 5 is a partly schematic diagram of a different
form of radiating antennae;

FIG. 6 is a partly schematic showing of a scanning
arrangement for the bundle of radiation; and

FIG. 7 is a schematic diagram of a different form of
target. :

Referring now to the drawings and particularly to FIG.
1: two fixed transmitters 1, 2, radiating at frequences
f, and f;, respectively, are located at the identification
station. Preferably, the radiation fy, f» is in the centimeter

or millimeter wave length range. The generated signals

are applied by means of transmission lines 3, 4, to a pair
of radiators 5, 6. The radiators 5, 6 are placed in the focal
points of reflectors 7, 8, which are preferably cylindrical-
elliptical. The radiators 5, 6 are so placed that they are
parallel to the generatrices of cylindrical sections, the
radiators being located at oue of the focal points of the
ellipse. The two cylindrical-elliptical reflectors 7, 8 are
so oriented that the second focal point is coincident at a
point 11, the point 11 being common to both of the
elliptical forms of the reflectors 7 and 8. Additionally,
point 11 also appears at the surface 17 of a target associ-
ated with the objeet to be identified.

The beamed ¢lkectromagnetic radiation, illustrated sche-~
matically at 9, 10, and derived from antennae 5, 6, thus
converge towards the target. The target is a wave guide

.16, placed on the object. In order to provide a coded

identification, the side wall 17 thereof which faces the
reflectors 7 and § is formed with windows 12, 13, 14 and |
15, for example. If the object is moving transversely with
respect to the width of the beams 9, 10, the focal point
11 scans the surface 17 of the target. When the focal
point 11 is, for example, opposite the window 12 (sce
FIG. 1) the electromagnetic energy delivered by the
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transmitters 1 and 2 penetrates into wave guide 16, from
which it will be guided either dircctly, or by reflection
from the end wall 18 of the wave guide 16 towards a non-
linear element 19 placed within the interior of wave guide
16. .

The non-linear element 19 may be a diode, for example
an inverscly biased diode also known as a varactor, and
forming a capacitance the value of which depends on the
potential and the bias applied thereto. It is also possible
to utilize avalanche diodes, tunnel diodes, or ordinary
rectifier diodes, or a ferromagnetic element, In general,
the non-linear element 19 may consist of any passive de-
vice capable of mixing or multiplying frequencies and it
is not nccessary that it has a very high frequency re-
sponse nor an especially low internal inherent noise.

When the target is penetrated by the currents induced

“from the transmitters 1, 2 at frequencies f1 and fo, the

frequencies f; and f, will beat in the non-linear element
19 and give rise to sum and difference frequencies
(mfytnf,), wherein m and n are whole numbers. The
lowest frequency, of course, will be the difference fre-
quency (f;—fs). This frequency is accentnated and filtered
in the tuned circuit 20 and re-emitted by an antenna 21
associated with the target. Of course, circuit 20 is tuned
to this particular difference frequency.

The re-emitted energy, transmitted from the object-
antenna 21 is received by antenna 22 associated with a
receiver 23, likewise tuned to the difference frequency
fi—fa. This receiver can have a sharp tuning and be
essentially insensitive to the much higher transmission fre-
quencies f; or f3, and will not be subject to parasitic or
noise echoes, which noise and parasitic echoes will appear
at the difference frequency only highly attenuated and
occurring only due to the Doppler effect.

During the entire time when a window of the wave
guide 16 passes in front of the waves 9, 10, that is in
front of the focal point 11, the output 24 of receiver 23
will have a signal appear thereat which is roughly pro-
portional to the product of the intensity of the radiation
derived from transmitters 1 and 2. Thus, at output 24 of
receiver 23, a series of pulses will occur which correspond
to the position of the windows as will be further explained
in connection with FIG. 3. This will be true, as a first
approximation, if the detection characteristics of the non-
lincar element have an approximately exponential char-
acteristic, .

Actually, diffraction and interferences will develop at
the focal point 11 of the two radiated beams. Measuring
the electromagnetic field caused by both of the lines, sepa-
rately, at point 11, one obtains a diagram gencrally repre-
sented at FIG. 2, and indicated separately at f,, f, with
respect to the beams 9 and 10, respectively, The maxi-
mum of the radiated field is a maximum exactly at the
focal point. Departing in a direction towards the left or
right from the focal point, a series of secondary maxima
of decreasing amplitude will be obtained, which maxima
are alternatively positive and negative. Thus, as a window
Passes in front of focal point 11, the impulse obtained
therefrom will not be a single pulse, but rather a series
of pulses corresponding to these successive smaller
rpaxima. In order to eliminate noise, and unwanted radia-
ton as much as possible, receiver 23 can be arranged to
have a threshold which is somewhat higher than the first
secondary maximum, that is to have a detection threshold
at about 10% of the expected value of the principal maxi-
mum to be expected. Additionally, the location and extent
of the windows, and the frequencies of the radiators can
be so matched to each other that the first secondary
maxima do not coincide with the location of subsequent
windows in order to avoid superimposition of sequential
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unwanted signals, Additionally, the secondary maxima 70

‘cnn be further reduced so that the first secondary maxi-
mum, for example of wave fi corresponds to the first
zero of the second wave, fa (see FIG. 2). Since the com-

posite difference frequency has an amplitude which, as a 75
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first approximation, is about proportional to the product
of the amplitudes of the frequencics f; and f2, secondary
maxima are reduced to practically zero each time one
of the waves, separatcly goes through zero and thus sec-
ondary maxima corresponding to the difference frequency
fi—f2 are strongly attenuated. This result can be en-
hanced by proper positioning and adjustment of the open-
ings and the profile of the reflectors 7 and 8 so that essen-
tially the entire radiation is along the axes of the ellipse
rather than being dispersed.

The non-linear element 19 preferably has a non-linear
characteristic which: is highly exponential, that is highly
dependent upon the level of the incident signal, Such a
non-linear characteristic is obtained from a rectifier diode
or from two oppositely biased diodes. In such an arrange-
ment, the principal maximum, as illustrated in the dia-
gram of FIG. 2, is strongly favored with respect to sec-
ondary maxima. . .

Referring now to FIG. 3: If a target having windows
as illustrated in the diagram A, passes in front of beams
9, 10, that is if the windows are located at the focal
point .11, the output 24 of a receiver 23 will have a pulse
train, with respect to time, substantially as seen in graph
Ag. These pulses are rounded, similar to the interference
or diffraction diagram (FIG. 2) and have a horizontal
extent doubled ‘largely by the size of the windows. Be-
tween the pulse pips, noise signals will be present due
o sccondary maxima and stray reflections. Any pulse
shaping circuit, for example filter circuits having high
level and low level thresholds, and suitably chosen, may
be used to reconstitute the output into a train of square
wave pulses as seen at A,, the passage of time corre-
sponding to the location of the windows, in space.

If the size of the windows is varied, and the spacing

5 is made irregular, as seen for example in graph B,, a

pulse train of variable size and recurrence as seen in
graphs B; and B; will be obtained, B, being the output
from receiver 24 and the graph of B; being a similar
output after pulse-shaping. By decoding the pulses similar
to graph Bs, in well-known decoding circuitry, the object
can be uniquely identified.

In order to obtain a readily identifiable output reading,
that is in order to obtain a code which is uniform on
a time-scale, it is desirable to provide relatively constant
motion between the windows 12-15 of the wave guide
and the waves %, 10 impinging thercon at the focal
point 11.

The windows themselves should of course be shaped
such that the radiation intended for a particular window
does not penetrate into adjacent windows; making the
space between windows at least twice that of the width
of the principal lobe satisfies this requirement. In accord-
ance with optical theory relating to diffraction at a focal
point, the width of the principal lobe of the diffraction
diagram is given by: .

d=2fL
a
wherein F is the focal length of the reflector, L the wave
length and a the reflector opening, along the horizontal
axis. Thus, for example, with a focal length of F=50
c¢m,, a wave length L of 0.8 cm. and an opening a==100
cm., the width of the principal lobe will be d—0.8 cm.
Spacing the windows by a distance of 2d=1.6 cm., one
can place approximately 40 windows on a side 17 of a
wave guide 16 which is about 70 centimeters long.
Instead of utilizing a pair of separate antcnnac and
radiators as shown in FIG. 1, a single radiator, as scen
In FIG. 5, may be provided. Transmitters 1, 2 feed into
a hybrid or mixer circuit 50, which then supplies a radia-
tor 51 in a single reflector 52. Other arrangements pro-
viding a pair of radio waves of frequencies f; and f,. and
providing the same result, may also be used, FIG. 8 illus-
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trates an alternative wherein a wave of frequency f; can
‘be modulated in modulator 80 by a much lower fre-
quency, and corresponding to the above mentioned differ-

ence frequency fi—f; which is generated in oscillator .

81. The resultant signal js radiated towards the target
via transmitter 82, The non-linear element 19 will then
detect the modulation of the wave and will re-radiate at
that modulation difference frequency, to which the
receiver 23 is also tuned,

Windows of the wave guide 16 nced not be rectangular,
nor need they be directed or orlented in the same direc-
tion,

If it is desired to obtain constant speed scanning, for
example between a fixed transmitter station and a like-
wise fixed object to be identified, the waves themselves
can be scanned across the target. FIG. 6 illusirates an
arrangement for scanning waves, generated in accordance
with FIG. 1. The target and the transmitters themselves
have been omitted. The deflection system 60 includes a
pair of control units schematically shown as 61, 62 and
interconnected by lines 63. These units ensures the scan-
ning by the reflectors either by mechanical or electronic
means as is the case with the radar technique. Such a
control need not be actually emphasized.

The target need not be a wave guide; it may include
a plurality of radiation receivers, such as stub antennae
72, 73, 74, coupled by means of coils 71a, 71, 71c to
tuned circnits 70a, 705, 70c. Each stub antenna is fur-
ther connected to individual non-linear elements 79a,
79b, 79¢. The tuned circuits 70a, 705, 70c are again con-
nected to the re-radiation antenna 21. Of course, if only
a single object is to be identified, only a single non-linear
element 19 (or 79a) need be used, associated with a
re-transmitting antenna and a tuned circuit.

FIG. 4 illustrates, in schematic form, a pair of back-
to-back diodes which together may form the non-linear
element 19 of FIG. 1, or 79 of FIG. 7.

Essentially therefore, the present invention relates to
the identification of objects, without contact, by direct-
ing radiation thereagainst of more than one frequency,
and utilizing a non-linear element and resonance circuit,
tuned to the difference frequencies for detection of re-
emitted radiation.

I claim:

1. Identification system for contact-less identification
of objects comprising:

a pair of radiation transmitter means (1, 2), each radia-
tion transmitter independently directing radiation of a
predetermined frequency (f; and fy) differing from
the frequency of the other radiation transmitter
towards the object;

a receiver- (23) tuned to the difference frequency
(fi—f;) and located to receive radiation re-emitted
from the object;

and a target located on the object to be identified, in
radiation-receiving and re-transmitting relationship
to the radiation emitted from said transmitter means,
and to be received by said receiver, respectively, said
target including non-linear means {19) and a reso-
nance circuit (20) tuned to said difference frequency
(fi—12).

2. System as claimed in claim 1, wherein said trans-
mitter means are microwave radiators and said target is
a wave guide formed with windows (12-15) therein,
located in radiation-receiving relationship to said micro-
wave radiation, and said wave guide means is coupled
to said resonance circuit tuned to the difference frequency,
and to said non-linear element; and a re-transmission an-
tenna (21) is provided and coupled to said resonance
circuit tuned to said difference frequency.

3. System as claimed in claim 2, wherein said wave
guide windows are spaced relative to each other and have
an extent lengthwise of the wave guide corresponding to a
codc representative of the object to be identified.
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4. System as claimed in claim 3, wherein the windows
in the wave guides are located to leave space between
adjacent windows which is at least equal to twice the
width of the principal lobe occurring as a result of the
mixing of the radiation emiited from both said transmitter
means.

5. System as claimed in claim 1, wherein said radiation
transmitters radiate in the microwave region and include
antennac (5, 6) located at the focal points of c¢ylindrical-
elliptical reflectors (7, 8), said cylindrical-elliptical re-
flectors being oriented to guide the radiation from each
transmitter ¢ impinge at the same point on the target,
said same point being the other focal point of the ellipsis
forming the elliptical reflectors, whereby beat frequencies
will.be produced at the target.

6. System as claimed in claim §, wherein said radiation
transmitter means transmit first and second independent
radiations having first and second different frequencies,
the first secondary maximum of the interference diagram
with respect to the frequency of one of said radiations
corresponds {o the first null of the interference diagram
with respect to the frequency of the other of said
radiations.

7. System as claimed in claim 1, wherein said non-
linear circuit has a variable response characteristic and
includes a pair of oppositely connected diodes, one end
of said pair being connected to an input terminal of said
non-linear circuit and the other end of said pair being
connected to another input terminal of said non-linear
circuit. _

8. System as claimed in claim 1, including a single
antenna connected to both said transmitter means and
directing radiation from both said transmitter means
towards said farget.

9. System as claimed in claim 1, including radiation
deflection means scanning both of said transmitted radia-
tions across said target to develop beat frequencies thereat.

10. System as claimed in claim 1, wherein said target
includes a plurality of non-linear elements and resonance
circuits, located on said object with respect to each other
to be successively exposed to incident radxatlon from said
transmitter means.

11. In an object identification system,

means independently directing microwave radiation at
two frequencies (fy, fz) towards a target associated
with said object;

a tuncd cireuit and a non-linear element in radiation-
receiving relation connected to said target, said tuned
circiut being tuned to the difference frequency (f,—f2)
of said radiation;

re-transmission means connected to said non-linear
element and said tuned circuit; and a receiver, in
radiation-receiving relationship to 'said re-transmis-
sion means, said receiver being tuned to said differ-
ence frequency (fi—fs).

12. Identification system for contact-less identification

of objects comprising:

a single transmitter means directing radiation towards
the object at a predetermined frequency (f,) which
is amplitude-modulated by a modulation frequency
(fi—f2):

a receiver tuned to the modulation frequency (f;—fs)
and located to receive radiation re-emitted from the
object; and

a target located on the objec tto be identified, in radxa-
tion-receiving and re-transmitting relationship to the
radiation emitted from said transmitter means, and
to be received by said receiver, respectively, said
target including non-linear means (19) and a re-
sonance circuit (20) tuned to said modulation
frequency (fi—fa).

13, System as claimed in claim 12, wherein said non-
linear circuit has a variable response characteristic and
includes a pair of oppositely connected diodes, one end
of said pair being connected to an input terminal of said
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non-linear circuit and the othcr end of said pair being
connected to another input terminal of said non-linear
circuit. '

14. System as claimed in claim 12, wherein said target
is a wave guide formed with windows (12-15) therein,
located in radiation-receiving relationship to said radiation,
and said wave guide mcans is coupled to said resonance
circuit toned to the modulation frequency, and to said
non-linear element; and a re-transmission antenna (21)
is provided and coupled to said resonance circuit tuned
to said modulation frequcncy

15. System as claimed in claim 14 whercin said wavc

10

guide windows are spaced relatxvc to each other and have

an extent 1engthw1se of the wave guide corresponding to

a code representative of the object to be identified.
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